Introduction {#sec1}
============

Neurodegenerative disorders (ND) are among the most serious health problems of the current population. Most of these disorders become more common with advancing age, including Parkinson's disease (PD), unspecified conditions manifesting as dementia (UnsD), stroke, and others. The prevalence of ND is growing as the population ages, with simultaneously growing economic and social costs. Some ND have clear genetic causes, whereas others involve complex interactions of genetic and environmental factors.

Bullous pemphigoid (BP) is the immunobullous disease due to circulating antibodies that bind two components of keratinocyte hemidesmosomal proteins; the two antigens are type XVII collagen/BPAG2 (BP180) and BPAG1 (BP230). A stereotypical clinical manifestation of this clinically vastly heterogeneous dermatosis comprises pruritic papular and/or urticarial lesions with large tense bullae (subepidermal blisters with abundance of eosinophils histologically) \[[@cit0001], [@cit0002]\]. BP is the most common bullous autoimmune disease occurring more commonly in the elderly -- octogenarians and older. A French study revealed a 3-fold increase in the annual prevalence of BP over the last 15 years, with 21.7 new cases per million inhabitants \[[@cit0003]\]. BPAG1, i.e. bullous pemphigoid antigen 1, encoded by the dystonin gene (*Dst*) \[[@cit0004]\], is a member of the plakin family. This protein family provides the structure of cytoskeletal networks. Multiple transcription paths and alternative splicing of *Dst* results in three major tissue-specific BPAG1 isoforms, BPAG1e (∼300 kDa) found in stratified epithelia, BPAG1a (∼600 kDa) expressed in neurons and BPAG1b (∼800 kDa) expressed in both skeletal and cardiac muscles \[[@cit0005]\]. The role of various BPAG1 isoforms is depicted by cases of genetic defects of BPAG1 (natural mutations or engineered inactivation of *Dst*) in mice resulting in *dystonia musculorum.* In humans, a pathogenic mutation affecting the BPAG1a/b results in sensory autonomic neuropathy. *Dst*-null mice showed also discrete signs of skin blistering due to the absence of BPAG1e. In humans, by analogy, homozygous nonsense *DST* mutations affecting BPAG1e result in epidermolysis bullosa variant \[[@cit0006]\]. The common ectodermal origin of the skin and entire central nervous system results in analogous molecular isoforms of structural proteins and therefore may implicate similar pathogenetic background for cutaneous and neurological disorders. Claudepierre *et al.* have shown the expression of BPAG1 and BPAG2 in the adult and developing retina. Interestingly, both molecules are expressed in rods, whereas only BPAG2 is expressed in cones \[[@cit0007]\].

Recent studies have shown that patients with BP are more likely to suffer from neurological and psychiatric diseases (unipolar and bipolar disorders), particularly prior to the diagnosis of BP. It was reported that BP is associated with neurodegenerative diseases, and in such cases usually a neurological manifestation can precede cutaneous involvement. The burden of these neurodegenerative diseases includes PD, UnsD, stroke epilepsy, multiple sclerosis or neurosyphilis \[[@cit0008]--[@cit0010]\]. According to a British study, BP followed neurologic diseases in most patients (26 of 36 patients -- 72% of them), with a median interval of 5.5 years \[[@cit0011]\].

Psoriasis (Ps) affects up to 2% of the Western population, is considered as a chronic disorder with a polygenic predisposition combined with triggering factors such as infections, medication, or trauma. Maintenance of psoriatic lesions is considered an ongoing autoreactive immune response \[[@cit0001], [@cit0002]\]. Being widely recognized as a systemic inflammatory condition, psoriasis is an immune-mediated T-cell-driven (including TNF-α and IL-23) inflammatory disease of the skin, joints and involving the cardiovascular system \[[@cit0001], [@cit0012]\]. The increased cardiovascular risk in Ps patients includes stroke \[[@cit0013]--[@cit0015]\]. However, there are reports suggesting that a high prevalence of psychiatric disorders like depression in Ps could be a component of systemic inflammation and not only the psychosomatic consequence \[[@cit0012]\]. Some reports show that patients with mild to severe plaque Ps develop concomitant features of mild cognitive impairment \[[@cit0016]\]. Numerous cases of Ps preceding autoimmune blistering dermatoses, particularly BP, were reported in the literature, including a report from our university department \[[@cit0017]\]. The term "psoriasis bullosa acquisita" \[[@cit0018]\] suggested for Ps coincident with the subepidermal autoimmune blistering dermatosis with IgG antibodies to antigen p200, i.e. laminin γ1, nature of which was at that time unknown, being wrongly speculated that it might be related to type VII collagen, an autoantigen in epidermolysis bullosa acquisita, is misleading and as such is not in use now as Ps can precede any subepidermal and, in fact, any intraepidermal autoimmune blistering dermatosis.

Recently, we have seen in our department two elderly males with Ps lasting many decades in whom coexisting BP was diagnosed after considering the clinical picture and results of molecular diagnostic tests ([Figure 1](#f0001){ref-type="fig"}). On the ground of such cases it can be speculated that inflammation observed in Ps patients can trigger autoimmunity leading to clinically overt bullous dermatosis by exposing hidden epitopes, particularly of structural proteins building the dermal-epidermal junction.

![An elderly male with long-lasting Ps coexistent with newly developed BP showing psoriatic partially eroded plaques, particularly severe on the lumbar skin (**A**), and tense blisters superimposed on a psoriatic plaque on the shin (**B**) in whom direct immunofluorescence on nonlesional peribullous skin using laser scanning confocal microscopy for visualization demonstrated IgG4 deposits along the dermal-epidermal junction (**C**) and ELISA revealed elevated levels of serum IgG antibodies to both BPAG1 and BPAG2 (both levels above 200 RU/ml, both cut-off levels 20 RU/ml)](PDIA-34-29331-g001){#f0001}

Aim {#sec2}
===

The aim of our study was to retrospectively compare, analyzing medical records available, the prevalence of ND in two groups of patients, with BP and with Ps, in order to obtain data whether BP is more prone to coexist with ND than Ps in the elderly. Psoriasis was chosen in this comparative study as it was considered to be a paradigm of cutaneous disease with systemic manifestations and the coexistence of Ps with BP, a disease frequently coexistent with systemic illnesses, indicates that they might share pathogenic pathways, both cutaneous and extracutaneous. This study design comparing two dermatoses that share inflammation and autoimmunity phenomena was hoped to provide data more relevant to BP than studies merely comparing BP and healthy population.

Material and methods {#sec3}
====================

Medical histories of 96 BP patients diagnosed at a molecular level with direct immunofluorescence, indirect immunofluorescence on monkey esophagus and/or multiparametric mosaic (Euroimmun, Germany) and ELISA for IgG antibodies to BPAG1 and BPAG2 (Euroimmun, Germany) (27 BP patients with ND (BP + ND) and 69 BP patients without ND (BP-ND)), and 149 Ps patients over 70 years of age (42 Ps patients with ND (Ps + ND) and 107 Ps patients without ND (Ps-ND)) hospitalized in the university dermatology department between December 2006 and July 2015 (BP) and between January 2002 and May 2015 (Ps) were reviewed for the presence of ND records. Neurodegenerative disorders included PD, UnsD, stroke, hear loss, tinnitus, blindness, vertigo, epilepsy, neurosyphilis, and also systemic sclerosis.

Statistical analysis {#sec3.1}
--------------------

Sex differences, differences in prevalence of ND and stroke between groups were examined with Pearson's χ^2^ test, whereas differences in prevalence of PD, UnsD and number of patients suffering from more than one ND were assessed with Fisher's exact test (2-sided). Statistical analysis was performed with "Statistica PL 10.0" (StatSoft Inc., Tulsa, Oklahoma, USA). A *p* \< 0.05 was arbitrarily considered statistically significant.

Results {#sec4}
=======

The detailed results are shown in [Table 1](#t0001){ref-type="table"}. There was a significant difference in prevalence of PD (BP vs. Ps: 5.21% vs. 0.67%; *p* = 0.031).

###### 

ND in BP and Ps patients studied

  Parameter          BP group             Ps group
  ------------------ -------------------- --------------------
  Patients           96                   149
  Gender             59 female, 37 male   76 female, 73 male
  Non-ND             69                   107
  ND                 27                   42
  UnsD               5                    14
  Stroke             12                   15
  PD                 5                    1
  Other ND           5                    12
  More than one ND   3                    1

BP -- bullous pemphigoid, Ps -- psoriasis, ND -- neurodegenerative disease, UnsD -- unspecified conditions manifesting as dementia, PD -- Parkinson's disease.

Statistical analysis revealed insignificant differences in prevalence of ND (without specifying the type) (BP vs. Ps: 28.13% vs. 28.19; *p* = 0.992), stroke (BP vs. Ps: 12.5% vs. 10.07%; *p* = 0.637), UnsD (BP vs. Ps: 5.21% vs. 9.40%; *p* = 0.181) and number of patients with more than one ND (BP vs. Ps: 3.13% vs. 0.67%; *p* = 0.292) between groups. There were no statistically significant sex differences between groups (*p* = 0.108).

Discussion {#sec5}
==========

The advancing age of our population and health disorders related to ageing become a socioeconomic problem. Thus, studies concerning a disease mechanism of BP and ND should be considered as an urgent need.

A study suggested that the clinical picture, conceivably including ND, of solely anti-BPAG2 IgG positive BP patients may differ from that seen in solely anti-BPAG1 IgG positive patients (dubbed anti-BP230 BP) or in patients with coexisting IgG antibodies to both BPAG1 and BPAG2 \[[@cit0019]\]. Nevertheless, in our issue-probing retrospective immunopathologic study, the levels of serum IgG antibodies to either BPAG1 or BPAG2 have not influenced the occurrence of ND in BP \[[@cit0020]\]. Still, ND can be more prevalent in BP patients having autoimmunity to both BPAG1 and BPAG2 particularly in the cerebrospinal fluid and this possibility remains to be verified. Data from studies on sera of PD patients and non-parkinsonian dementia patients provided a novel insight into the association between BP and ND. Patients with PD, or dementia but without BP, had increased levels of autoantibodies against the BPAG2. Almost a third of patients (14 of 50 patients -- 28%) with either PD (25 patients) or non-parkinsonian dementia (25 patients) had autoantibodies to BPAG2 in their sera. Of these, only 1 of 25 dementia sera and none of the PD sera had autoantibodies against pathogenic NC16A epitope of BPAG2 \[[@cit0021]\].

The process of immunosenescence might be considered as a link between BP and ND. Immunosenescence is the age-associated dysregulation of immunity, characterized by domination of proinflammatory mediators and a switch to Th2-type responses, with a parallel decrease in adaptive immunity. Flow cytometric evaluation of peripheral blood of untreated BP patients revealed that BP patients had an increase in biomarker of "immune cell exhaustion" (CD8^+^/CD28^--^ lymphocytes) compared to age-matched controls or young controls. This condition significantly increases the risk of tissue degeneration in BP, Ps as well as ND \[[@cit0022]\]. On the mouse model, neurological degeneration and dystonia musculorum were preceded by genetic alteration of BPAG1a which resulted in accumulation of intermediate filaments in motor neurons. The intermediate filaments' accumulation might be an initiating factor for loss of the tolerance process to BPAG1a and leading to cross-intolerance of epidermal BPAG1e \[[@cit0023]\].

Coincidentally, autoreactivity to the substantia nigra, a midbrain region of critical importance in pathogenesis of PD, a disease implicated here to be BP-related ND, of the rat and human brain was tested by indirect immunofluorescence performed with antibodies to tyrosine hydroxylase (TH) and patient sera. Autoantibodies in the sera of PD patients co-localized to the TH positive neurons in rat brain, as did from patients with both BP and PD. Antibodies from controls were unable to bind to substantia nigra. Staining of substantia nigra in human brain confirmed these findings \[[@cit0021]\].

In our study, the prevalence of ND in a group of BP patients (28.13%) seems to be within the range of results presented in recent studies from Europe and Brazil: 22--46% \[[@cit0011], [@cit0023]--[@cit0026]\]. The genetic and environmental factors may strongly influence differences between studies. On the other hand, some BP-ND patients remain underdiagnosed, as the dermatologist may marginalize non-dermatological conditions or simply neglect them in medical records. This situation may lead to a decrease in the number of patients which underwent the evaluation. Also the awareness about the linkage might be still low among dermatologists omitting the neurological conditions and leading to unintentional misinformation.

The prevalence of a cerebrovascular incident in BP patients (12.5%) from our department was similar to the one reported in the French group study (15%), but lower than in the British study (44.4%) \[[@cit0011], [@cit0023], [@cit0025]\]. It is possible that the above factors and high death rate observed in stroke patients in Poland might play a role in the number of reported cerebrovascular incidents.

Parkinson's disease was present in 5.21% of our BP patients in contrast with 9% in the French study, and 30% in the British study \[[@cit0011], [@cit0023], [@cit0025]\]. Parkinson's disease rate in Ps patients was low (0.67%), interestingly compared with an increased risk of the disease in Ps patients reported in a Taiwanese 5 years' follow-up study \[[@cit0027]\].

The UnsD rate in the studied BP group reached 5.21%. A report (population-based study) for Midwestern Poland estimated that dementia was observed in 5.7% of people above 65 years \[[@cit0028]\] in contrast to 13% in the United Kingdom \[[@cit0010]\]. This result has fitted within the range of the epidemiologic data in that geographic region and corresponds with our findings.

Both BP and neurological diseases are more common with the increasing age. In order to explore a potential causative relationship between neuronal damage and onset of BP, Langan *et al.* repeated analysis looking for onset of the neurological disease after the diagnosis of BP. In this situation no association was seen, supporting the contention that neuronal antigen exposure may be causatively involved in the subsequent development of BP in patients with the neurological disease \[[@cit0024]\]. According to that finding, it is also not expected that the dementia rate in the BP group should be higher than in general population (adjusted for age). Interestingly, the rate of dementia in our Ps patients group was higher, albeit insignificantly, (9.4%) than in the BP group (5.21%), however Ps patients were above 70 years of age. The study by Langan *et al*. revealed a highly increased risk of developing BP -- threefold in patients with PD and dementia, and twofold in patients with stroke and epilepsy, comparing to healthy controls \[[@cit0024]\].

Understanding the basic pathophysiology of BP is important because of potentially life-threatening course of this dermatosis, particularly in overtreated debilitated elderly persons. Excitingly, autoimmune encephalitides \[[@cit0029]\], such as anti-*N*-methyl-D-aspartate receptor encephalitis which even was graphically depicted in a bestselling nonfiction book available in translations as well \[[@cit0030]\], can conceivably trigger smoldering intermolecular epitope spreading phenomena leading to the development of BP type autoimmunity, first in the brain and then in the skin in individuals undergoing immunosenescence and bearing underlying putative BP-prone mutations in Fc receptors on neutrophils and eosinophils migrating to the skin. Expanding knowledge of the immunology of ND, by combining experimental and laboratory approaches benefitting from basic facts-establishing epidemiological studies \[[@cit0031]\], might lead to developing of new treatments for both conditions neurological and cutaneous.

Conclusions {#sec6}
===========

As there were no statistically significant differences in the prevalence of ND without specifying the type and ND types analyzed between groups, except for a higher prevalence of PD in the BP group, it seems that the majority of pathogenic pathways of ND is common for both BP and Ps. Regarding population aging and an increasing incidence and prevalence of BP corresponding with that phenomenon in various ethnicities, it appears justified to expand studies of a possible immunopathogenic connection, appearing to be PD-related, between BP and ND.
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